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Abstract

Diabetes mellitus is a lifelong chronic condition that requires continuous
healthcare and patient’s self-management. Lifestyle modifications and adherence to anti-
diabetes medications are the major determinants of therapeutic success in the
management of diabetes. The fundamental goal of pharmacy practice today is to provide
PC which directly influences effective, rational and safe medication use, leading to better
health outcomes. Studies which evaluated the effects of PC in the management of people
with diabetes found a statistically significant reduction in HbA;c in the intervention
group. However, most studies in the literature were conducted in developed countries.
Therefore, the present study is warranted to investigate the effects of a pharmaceutical
care (PC) model in the management of people with type 2 diabetes in Malaysia.

A total of 241 people with type 2 diabetes were recruited from the Diabetes Clinic
of the University Malaya Medical Centre (UMMC) and allocated at random to the control
(n=121) or intervention (n=120) group. Participants in the intervention group received
pharmaceutical care (PC) from an experienced pharmacist while those in the control
group were provided the standard pharmacy service.

A range of clinical outcomes that included fasting blood glucose (FBG), glyclated
haemoglobin (HbA;c), lipid profile and blood pressure (BP); and non-clinical outcomes
(medication adherence, knowledge of participants, quality of life and pharmaceutical care
issues) were collected and analysed at baseline and then at 4, 8 and 12 months after the
initiation of intervention.

At baseline, there was no significant difference in demographic and clinical
characteristics of the participants between the control and intervention groups. Significant

reductions in mean (standard deviation, SD) of FBG [9.4 (3.4) mmol/L versus 7.5 (2.3)



mmol/L, HbA;c [9.6 (1.3)% versus 8.2 (1.3)%], systolic BP [142.9 (18.4) mmHg versus
134.0 (15.1) mmHg], diastolic BP [79.5 (10.9) mmHg versus 77.0 (9.8) mmHg] were
found between the control and intervention group 12 months after the provision of PC. In
addition, medication adherence (p = 0.001) and knowledge of participants (p < 0.001) in
the intervention group increased significantly. The control group on the other hand,
showed no significant improvement in clinical outcomes.

During the study period, the pharmacist identified 408 PC issues (PCIs) and
facilitated 598 PC interventions. Of these 408 PCls, the pharmacist in this study managed
to solve 333 (81.6%). Each drug -elated problem (DRP) were linked to at least three root
causes that were related and directed to the participants (45.7%) or their caregivers
(54.8%).

In conclusion, the provision of the PC model used in this study for the
management of type 2 diabetes mellitus (T2DM) has produced positive effects on both
clinical and behavioural outcomes of the intervention participants. Therefore,
collaborative efforts between pharmacist and other healthcare professionals should be
implemented in all healthcare institutions to achieve more effective, rational and safe

medication use and hence, better clinical outcomes.



Abstrak

Diabetes mellitus adalah penyakit kronik yang memerlukan penjagaan kesihatan
dan pengurusan yang berterusan sepanjang hayat oleh pesakit sendiri. Pengubahsuaian
gaya hidup dan pematuhan kepada ubat-ubatan anti-diabetes adalah penentu utama untuk
kejayaan terapeutik dalam pengurusan diabetes. Matlamat asas amalan farmasi pada
zaman sekarang adalah untuk memberi penjagaan farmaseutikal (PC). Dengan secara
langsung, PC yang diberikan akan mempengaruhi keberkesanaan, rasional dan
pengunaan ubat-ubatan dengan selamat yang membawa hasil kesihatan yang lebih baik.
Namun, kebanyakaan hasil kajian dalam kesusteraan hanya dijalankan di negara-negara
yang maju. Oleh yang demikian, kajian tersebut diperlukan untuk menyiasat kesan
sesuatu model PC dalam pengurusan orang yang menghidapi diabetes jenis 2 di
Malaysia.diabetes.

Seramai 241 orang dengan diabetes jenis 2 dipilih dari Klinik Diabetes di Pusat
Perubatan Universiti Malaya (PPUM) dan dibahagikan secara rawak ke dalam kumpulan
kawalan (n = 121) dan intervensi (n = 120). Peserta-peserta dalam kumpulan intervensi
menerima PC daripada seorang ahli farmasi yang berpengalaman, manakala peserta-
peserta dalam kumpulan kawalan menerima perkhidmatan farmasi yang biasa.

Pelbagai hasil kajian klinikal termasuk paras glukosa darah semasa puasa (FBG),
hemoglobin gliklat (HbA1c), profil kolesterol dan tekanan darah (BP); dan hasil kajian
bukan Kklinikal seperti pematuhan ubat, pengetahuan, kualiti hidup dan isu-isu penjagaan
farmaseutikal, telah dikumpul dan dianalisis pada permulaan kajian serta pada bulan ke-

4, ke-8 dan ke-12 selepas intervensi dimulakan.



Pada permulaan kajian, tidak terdapat sebarang perbezaan yang signifikan dari
segi demografi dan ciri-ciri peserta di antara kumpulan kawalan dan intervensi. Namun,
terdapat pengurangan yang signifikan (p < 0.05) ke atas ukuran purata (deviasi piawai,
SD) di antara bacaan permulaan berbanding dengan bacaan akhir pengajian untuk FBG
[9.4 (3.4) mmol/L berbanding 7.5 (2.3) mmol/L, HbA;c [9.6 (1.3)% berbanding 8.2
(1.3)%], BP sistolik [142.9 (18.4) mmHg berbanding 134.0 (15.1) mmHg], BP diastolik
[79.5 (10.9) mmHg berbandimg 77.0 (9.8) mmHg] sertapeningkatan yang ketara dalam
markah pematuhan kepada ubat-ubatan (p = 0.001) dan skor purata pengetahuan peserta
mengenai diabetes (p < 0.001) diperhatikan dalam kumpulan intervensi. Manakala,
kumpulan kawalan tidak menunjukkan sebarang pembaikan dalam hasil klinikalnya.

Dalam tempoh kajian tersebut, ahli farmasi berjaya mengenalpasti 408 isu-isu PC
(PCIs) dan mencadangkan sebanyak 598 intervensi PC. Daripada jumlah 408 PCls ini,
ahli farmasi berjaya menyelesaikan 333 (81.6%) isu-isu PC. Setiap masalah yang
berkaitan dengan ubat-ubatan (DRP) telah dikaitkan dengan sekurang-kurangnya tiga
punca penyebab yang berkenalan dan ditujukan kepada peserta (45.7%) atau penjaga
mereka (54.8%).

Kesimpulannya , pemberian sesuatu model PC dalam kajian tersebut untuk
pengurusan diabetes mellitus jenis 2 di Malaysia menghasilkan kesan klinikal dan
perubahan kelakuan secara positif pada peserta-peserta intervensi. Oleh itu, kerjasama di
antara ahli-ahli farmasi dan profesional kesihatan yang lain perlu dilaksanakan di semua
institusi kesihatan untuk mencapai hasil klinikal yang lebih berkesan, rasional dan

penggunaan ubat-ubatan yang lebih selamat.

vi



Acknowledgements

This dissertation is the culmination of the support and encouragement from a
number of individuals over a period of 3 years. First and foremost, | would like to
acknowledge the University of Malaya for funding this project under grant
RG123/09HTM and PG138-2012B. | would also like to express my sincere and heartfelt
gratitude to my supervisor and co-supervisor, Associate Professor Dr. Chua Siew Siang
and Professor Dr. Chan Siew Pheng for their time, guidance, nuanced corrections and
comments as well as patience. Without their assistance, this dissertation would not have
been completed successfully.

| would like to thank Dr David Wu from Monash University Sunway Campus for
his advice on statistical analysis. My heartfelt appreciation goes to my research assistant
and friend, Ms Samihah Mat Junoh who assisted me in the data collection process and
has willingly sacrificed her time to share the most critical moment of my dissertation with
me. Most importantly, | would like to thank my family for their understanding,
encouragement and constant patience, but for which | would not have gone this far in my
studies.

| would like to give my upmost gratitude to my friends, colleagues and superiors
in the pharmacy department and clinicians and nurses in the endocrinology department
who assisted me generously in any way throughout my studies. | also like to express my
gratitude to all the study participants for volunteering to be in this study as without them,
this study would not be possible. Last but not least, to the Almighty whose faithfulness

and blessings have assisted me in completing this part of my life’s journey.

vii



Contents

CHAPTER 1

1.0

11

1.2

1.3

CHAPTER 2

2.1

2.2

2.3

2.4

TABLE OF CONTENTS

INTRODUCTION
Introduction
Aim of the Study
Objectives of the Study
Significance of the Study
LITERATURE REVIEW
Definition and Classification of Diabetes Mellitus
Prevalence of Diabetes Mellitus
Burden of Diabetes Mellitus
2.3.1 Morbidity and Mortality Rate of Diabetes
2.3.2 Complications of Diabetes
2.3.3 Economic Consequence of Diabetes
Management of Diabetes Mellitus
2.4.1 Non-Pharmacological Management of Diabetes
2.4.1.1 Monitoring of Glycaemic Levels, Self-Monitoring
Blood Glucose, BP, Lipid Profile

a) Monitoring of HbA1¢c

b) SMBG in the Management of T2DM

c) BP Monitoring

d) Monitoring of Lipid Profile

2.4.1.2 Lifestyle Modifications

Page

5-6
7-42
8-9
9-11
12-15
12
13-14
14-15
15-26
15-24

15-19

15-16
17
17-18
19

19-20

viii



2.5

CHAPTER 3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

2.4.1.3 Medication Adherence

2.4.1.4 Knowledge of Diabetes or Patient Education
2.4.2 Pharmacological Management of Diabetes

Studies on Pharmaceutical Care in Patients with Diabetes

Mellitus
METHODOLOGY
Study Design

Study Population

3.21 Inclusion Criteria
3.2.2 Exclusion Criteria
Sample Size

Data Collection Forms

Outcome Measures

3.5.1 Primary Outcome Measures
3.5.2 Secondary Outcome Measures
Randomization

Normal Pharmacy Service
Pharmaceutical Care Model

Pilot Study

Data Collection Process

3.10.1 Recruitment (1 visit)
3.10.2 Month 0-4 after recruitment

3.10.3 2™ Month

21-23

23

24-26

27-42

43-61

44

45

45

45

46

46-47

47

47

47-48

48

48-49

49-50

50-51

51-57

51-53

53

53



3.11

CHAPTER 4

4.0

4.1

4.2

4.3

3.10.4 4™ Month (2" visit)

3.10.5 6™ Month

3.10.6 8™ Month (3" visit)

3.10.7 10" Month

3.10.8 12" Month (4" visit)

3.10.9 Overall

Data Analysis

3.11.1 Malaysian Medication Adherence Scale (MALMAS)

3.11.2 DHL Knowledge Form

3.11.3 EQ-5D (Quality of Life) Form

3.11.4 Pharmaceutical Care Issues (PCls)

Results

RESULTS

Demographic Data of Participants

Effects of the PC Model

421

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

Clinical Outcomes: FBG, HbA;c, Lipid Profile, BP
Effect Size of PC Model

BMI

Medication Adherence

Knowledge of Participants

Quality of Life

Pharmaceutical Care Issues

GEE Analysis

54-55

55

55

56

56

56-57

57-63

60-61

61

61-62

62-63

64-94

65

65-68

68-89

69

70

70

77-78

80

82

84-89

90-94



CHAPTER 5 DISCUSSION 95-109

5.0  Discussion 96
5.1  General Characteristics of PC Mode Participants 96-97
5.2  Clinical Outcomes 97-100
5.2.1 Fasting Blood Glucose & HbA;c 97-98
5.2.2 Blood Pressure 98-99
5.2.3 Lipid Profile 99-100
5.3 BMI 100
54 Medication Adherence 100-102

5.5  Knowledge on diabetes, hypertension, hyperlipidaemia and its  102-103
medications
5.6 Quality of Life (EQ-5D) 103-104

5.7  Pharmaceutical Care Issues (PCIs) or Drug Related Problems  104-107

(DRPS)

5.8  GEE Analysis 107

59  Limitations of the Study 108-109
CHAPTER 6 CONCLUSION 111-111
REFERENCE 112-130
LIST OF APPENDICES 131-177

Appendix A Participant Consent Form 131-132

Appendix B Baseline Data Form 133-136

Appendix C  Malaysian Medication Adherence Scale (MALMAS) 137-138

Appendix D  Diabetes, Hypertension and Hyperlipidaemia (DHL) 139-140



Appendix E
Appendix F
Appendix G
Appendix H

Appendix |

Knowledge Form

EQ-5D (Quality of Life) Form
Pharmaceutical Care Form

Checklist for Follow Up Phone Calls
Counselling Checklist

Diabetes Handbook

LIST OF PUBLICATIONS

Appendix J

Appendix K

Appendix L

Appendix M

Appendix N

Appendix O

Effects of a pharmaceutical care model on medication
adherence and glycemic control of people with type 2
diabetes.

A preliminary report on the effects of pharmaceutical
care on medication adherence and HbAc in the
management of diabetic patients

Effects of pharmacist intervention on the knowledge
of type 2 diabetic patients: a preliminary report
Determinanats of medication adherence among type 2
diabetes patients in Malaysia

Effects of Pharmacist Intervention on Glycaemic
Levels of Type 2 Diabetes Patients

The Effects of Pharmaceutical Care on Medication

Adherence and HbAc in Type 2 Diabetic Patients

141-142

143

144-146

147-148

149-160

161-179

162-163

164-166

167-169

170-172

173-175

176-179

Xii



LIST OF FIGURES

Figure No.

2.1

3.1

4.1

4.2

4.3

4.4

Page
Number of people with diabetes according to region 11
Flow Chart for PC Mode Study Procedure 59-60
Flow Chart of Participants 66
Comparison of FBG Between Control and Intervention Groups 71
Over Time (Shown as Median in the Graph)
Comparison of HbA;c values Between Control and Intervention 79
Groups Over Time (Shown as Median in the Graph)
Comparison of BP Between Control and Intervention Groups Over 75

Time (Shown as Median in the Graph)

xiii



LIST OF TABLES

Table No.

2.1

2.2

2.3

2.4

2.5

2.6

2.7

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Regional Estimates for Individuals Between 20-79 Years of Age
Diagnosed With Diabetes

Number of Deaths and Health Expenditure Attributed to Diabetes
in the Year 2013

Targets for Type 2 Diabetes Mellitus

Types of Oral Antidiabetes Agents (OAD) and Insulin

Summary of Randomised Control Trial (RCT) on the
Effectiveness of Pharmaceutical Care

Summary of Prospective Cohort Studies on the Effectiveness of
Pharmaceutical Care

Summary of Retrospective Studies on the Effectiveness of
Pharmaceutical Care

Demographic Characteristics of Participants

Other Characteristics of Participants

Comparison Between Control and Intervention Group when
HbA;c is Classified into Poor and Good Control

Comparison of Fasting Blood Glucose and HbA;c Within Control
and Intervention Groups Over the Study Period

Comparison of Lipid Profile Between Control and Intervention
Group

Comparison of Systolic and Diastolic BP Between Control and
Intervention Group

Comparison of Systolic and Diastolic BP Within Control and
Intervention Group Throughout the Study Period

Comparison of BMI Between Control and Intervention Groups at
Baseline and 12™ month

Page

11

12

16

25-36

31-35

36-40

41-42

67

68-69

73

73

74

76

76

77

Xiv



4.9

4.10

411

4.12

4.13

4.14

4.15

4.16

417

4.18

Comparison of Medication Adherence Between Control and
Intervention Group Based on MALMAS Scores

Comparison of Medication Adherence Between Control and
Intervention Group if Classified as Adherence and Non-Adherence

Comparison of Median Adherence Scores Between Control and
Intervention Group

Comparison of Medication Adherence within Each Group

Comparison of Knowledge Between Control and Intervention
Groups

Comparison of EQ-5D VAS scores Between Control and
Intervention Group

Comparison of Quality of Life Scores for Each Domain of EQ-5D
Between Control and Intervention Group

Detailed Classification of PCls or DRPs, Causes and Interventions

Possible Determinants of HbA;c Using GEE Analysis

Possible Determinants of Medication Adherence Using GEE
Analysis

78-79

79

79

80

81

82

83

86-89

91-92

93-94

XV



LIST OF SYMBOLS AND ABBREVIATIONS

XZ

ACCORD

ACEi

ADA

ADVANCE

AGI

ARB

BMI

BP

CDC

CT

CPG

Cv

CvD

DBP

DC

DCCT

DHL

DM

DPP-4

DRP

FBG

Pearson chi-square

Action to Control Cardiovascular Risk in Diabetes
Angiotensin Converting Enzyme Inhibitior
American Diabetes Association

Action in Diabetes and Vascular Disease
Alpha Glucosidase Inhibitors
Angiontensin-11-Receptor Blockers

Body Mass Index

Blood Pressure

Centers for Disease Control and Prevention
Control trial

Clinical Practice Guidelines
Cardiovascular

Cardiovascular Disease

Diastolic Blood Pressure

Diabetes Care

Diabetes Control and Complications Trial
Diabetes, Hypertension and Hyperlipidaemia
Diabetes Mellitus

Dipeptidyl Peptidase-4

Drug Related Problems

Fasting Blood Glucose

Xvi



FIP
GLP-1
HbAc
HDL
IDF
INT
LDL
MALMAS
MAP
MMAS-9
NHMS
OAD
PC
PCls
PCNE
PCP
PDM
QoL
RCT
SMBG
SBP
SD

SU

Internation Pharmaceutical Federation
Glucagon Like Peptide-1

Glycated Haemoglobin

High Density Lipoprotein
International Diabetes Federation
Intervention

Low Density Lipoprotein

Malaysian Medication Adherence Scale
Medication Assistance Program
Morisky Medication Adherence Scale
National Health and Morbidity Survey
Oral Antidiabetes Agents
Pharmaceutical Care

Pharmaceutical Care Issues
Pharmaceutical Care Network Europe
Pharmaceutical Care Program
Persatuan Diabetes Malaysia

Quality of Life

Randomized Controlled Trial
Self-Monitoring Blood Glucose
Systolic Blood Pressure

Standard Deviation

Sulphonylurea

Xvii



T1DM

T2DM

TC

TG

TZD

ucC

UK

UKPDS

UMMC

usS

WHO

Type 1 Diabetes Mellitus

Type 2 Diabetes Mellitus

Total Cholesterol

Triglycerides

Thiazolidinediones

Usual Care

United Kingdom

United Kingdom Prospective Diabetes Study
University Malaya Medical Centre

United States

World Health Organization

XViii



